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For whiter whites, use beetles
OPTICAL MATERIALS
Cyphochilus beetles mill about their habitat in southeast Asia not unlike many other beetles, with one rare exception. The beetles who live among white fungi are some of the most naturally white creatures in nature.
Researchers at Exeter University and Imerys Minerals in the UK have discovered that the source of the beetle's unusual whiteness is the disordered structure of the scales that compose its shell [Vukusic et al., Science (2007) 315, 348] . Each scale measures only 5 µm in thickness, but registers whiteness and brightness values that exceed many natural and synthetic materials that are much thicker, such as tooth enamel and paper. The source of the whiteness is the interconnecting network of 250 nm-diameter cuticular filaments that makes up the microstructure of each scale. The researchers measured laser reflection and transmission diffraction patterns from cross sections of the beetle scales and compared them to Fourier transforms of the scale microstructure.
They found remarkable agreement, indicating that the whiteness is a result of the filamentous network. The group further determined that the cuticle occupies about 70% of the total volume of the scale, which they surmise optimizes the multiwavelength scattering intensity. This, along with a high void fraction to prevent optical crowding among scattering centers, the structural aperiodicity of the filaments, and an index of contrast of 0.56, enables such a thin layer to produce the beetle's brilliant white color. Using the International Organization for Standardization criteria for whiteness (ISO 11475) , the team determined that Cyphochilus exhibits a color saturation of only 6.2%, where pure white (the 'white point') is defined as 0% color saturation. They suggest that synthetic versions of this intriguing photonic solid found in the beetle's exoskeleton could make potentially ingenious and technologically superior substrates for white organic light emitting devices (OLEDs) while being just a fraction of the thickness of current materials. Mark E. Greene Ymeti's ultimate goal is a point-of-care device that can be used quickly and easily in the field to detect viruses from either human or animal body fluid samples. He envisions a portable readout unit and disposable chip, and is optimistic that the engineering challenges can be met.
"So far we have demonstrated the sensitivity of the device in a laboratory setting, including in complex solutions containing serum proteins," he says. "The key issues that remain to be addressed are the design and development of a practical prototype and clinical tests on real clinical samples. Depending on our efforts, the first commercial prototype could be available to the medical community in the next two to three years."
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